In a study of arylation by aromatic nitro compounds at high temperatures 1, we reacted nitrobenzene (0.05 mole) with toluene (0.25 mole) at 600°. The main pro duct was methylbiphenyl; there was, however, also an appreciable amount (0.011 mole) of C14H14 dehydro dimers of toluene. This led us to examine the behavior of toluene and toluene-a-c?3 under conditions identical to those used in the reaction with nitrobenzene. Pyro lysis of toluene is well documented, and it would ap pear unnecessary to repeat it. However, there are dis crepancies in the literature. 
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\ 700° for an unspecified contact time and identified 23 products, among which was 4,4/-dimethylbiphenyl. The last-named authors evidently employed such severe conditions as to cause many secondary reactions. In our pyrolyses of toluene and toluene-a-e?3 we used 600° and a contact time of six seconds, which gave about 0.1% conversion to the dehydrodimers, of for mula C14H14, and no other products. From toluene-ot-d3 the parent ions in the mass spectrum had the isotopic composition: If deuterium atoms are only in benzylic or a-positions and undergo no exchange during pyrolysis, and if spe cies derived from isotopic impurities in the toluene-a-d3 are ignored, the dimers containing 4, 5, and 6 deute rium atoms must represent bibenzyl (1), methyldiphenylmethanes (2), and dimethylbiphenyls (3), respecti vely:
Mass
3 Any extensive exchange is ruled out by the close agreement in isotopic composition of the recovered toluene (0.3% dl , 2.5% d2 , 95.9% ds , 0.9% cf4 , 0.3% d5 , 0.1 d6) with that of the starting material (2.3% d2 , 96.2 d3 , 1.0% e?4 , 0.3% d5 , 0.2% d6) . The dimer isotopic distribution found corresponds to the approxi mate isomer distribution (liquid volume %) : 1, 87; 2, 5; and 3, 8 10.
The question raised by B e r t h e l o t , whether dimethyl biphenyls result from the pyrolysis of toluene, thus ap pears to have been answered. We tried to determine bi benzyl, the three methyldiphenylmethanes, and six di methylbiphenyls by gas chromatography; however, there were some identical retention times and such ex tensive overlapping among the ten authentic C14H14 isomers as to render this type of analysis of limited value.
By contrast, the breakdown of isomers into the three groups, bibenzyl, methyldiphenylmethanes, and di methylbiphenyls, by the number of deuterium atoms, as shown in Table I , is clean and unambiguous. This analytical method is of considerable value when a) ex tensive scrambling has not occurred, and b) positional isomers within each group need not be determined. The yields of C14H14 isomers from toluene-a-i3 pyrolyzed alone and with nitrobenzene are compared in Table I . In addition to the much greater weight of pro duct in the nitrobenzene reaction, 80 times as much as from toluene alone, the proportions of the three iso mer groups are so markedly different as to suggest dif ferent dominant mechanisms in the two reactions.
A free-radical mechanism for the pyrolysis of toluene has been generally accepted (Reference 9 and referen ces cited therein). We propose instead that toluene, in the absence of added free-radical precursors, decom poses by way of a bimolecular complex that can lose hydrogen intramolecularly to give bibenzyl, or collapse to a benzyl-or tolyl-methylcyclohexadiene. The cyclohexadiene in turn loses hydrogen intramolecularly to give methyldiphenylmethane or dimethylbiphenyl.
A similar mechanism involving a phenylcyclohexadiene intermediate was invoked to explain the scram bling of protium and deuterium in benzene-d at 690° and 21 seconds contact tim en . Toluene pyrolysis in the presence of other free radicals, as in our nitro benzene reaction, indeed seems to go by a free-radical mechanism involving benzyl and tolyl radicals. This reaction is being investigated and will be described in greater detail later.
